Abstract To evaluate the efficacy of cognitive rehabilitation therapies (CRTs) for mild cognitive impairment (MCI). Our review revealed a need for evidence-based treatments for MCI and a lack of a theoretical rehabilitation model to guide the development and evaluation of these interventions. We have thus proposed a theoretical rehabilitation model of MCI that yields key intervention targets-cognitive compromise, functional compromise, neuropsychiatric symptoms, and modifiable risk and protective factors known to be associated with MCI and dementia. Our model additionally defines specific cognitive rehabilitation approaches that may directly or indirectly target key outcomes-restorative cognitive training, compensatory cognitive training, lifestyle interventions, and psychotherapeutic techniques. Fourteen randomized controlled trials met inclusion criteria and were reviewed. Studies markedly varied in terms of intervention -013-9230-9 approaches and selected outcome measures and were frequently hampered by design limitations. The bulk of the evidence suggested that CRTs can change targeted behaviors in individuals with MCI and that CRTs are associated with improvements in objective cognitive performance, but the pattern of effects on specific cognitive domains was inconsistent across studies. Other important outcomes (i.e., daily functioning, quality of life, neuropsychiatric symptom severity) were infrequently assessed across studies. Few studies evaluated long-term outcomes or the impact of CRTs on conversion rates from MCI to dementia or normal cognition. Overall, results from trials are promising but inconclusive. Additional well-designed and adequately powered trials are warranted and required before CRTs for MCI can be considered evidence-based.
Introduction
Broadly speaking, the term mild cognitive impairment (MCI) is used to describe an older population with cognitive deficits not severe enough to warrant a diagnosis of dementia (Petersen 2004) . It has been viewed as an intermediate stage between normal aging and dementia (Mariani et al. 2007 ) and as the prodromal stage for a variety of dementing neurodegenerative disorders, including Alzheimer's disease (AD), frontotemporal dementia, dementia with Lewy bodies, and vascular dementia (Petersen 2004) . Cognitive impairment associated with MCI can affect virtually all domains including memory, language, attention, visuospatial functioning, and executive functions (Arnaiz and Almkvist 2003) . Depending on the study, prevalence rates of MCI within older adult populations have been estimated at 3-42 % (Ward et al. 2012 ). Estimated conversion rates of MCI to dementia have ranged from 2 to 31 %, with a mean annual conversion rate of 10.2 % (Bruscoli and Lovestone 2004) . Studies indicate that 14-40 % of those with MCI return to normal cognitive function over time (Ganguli et al. 2004; Koepsell and Monsell 2012; Larrieu et al. 2002; Manly et al. 2008; Tschanz et al. 2006) , and many individuals also exhibit a persistent form of MCI without converting to dementia (Manly et al. 2008; Schonknecht 2011) .
Historically, many diagnostic criteria were proposed to describe the early cognitive changes that occur in older adults (Ward et al. 2012) . Due to lack of adequate diagnostic criteria, approximately 13 years ago Petersen et al. (1999) developed an MCI diagnostic and classification system which is now widely adopted. This classification system yields four MCI subtypes and categorizes cognitive deficits as either amnestic or non-amnestic, and as either single cognitive domain or multiple cognitive domains (Petersen 2004) . More recently, the National Institute on Aging and the Alzheimer's Association put together a workgroup that recommends two sets of criteria for MCI due to AD, one set of criteria for healthcare providers without access to neuroimaging or cerebrospinal fluid analysis, and another for researchers and clinical trials that incorporate these biomarkers (Albert et al. 2011 ). This workgroup recommends almost identical criteria as did Petersen et al. (1999) for the establishment of a clinical diagnosis of MCI: 1) a subjective cognitive complaint whereby the patient, an informant, or a clinician report a decline over time, 2) objective evidence of cognitive impairment in one or more cognitive domains using formal or bedside testing, 3) the impact of cognitive impairments on daily functioning does not preclude independence, 4) the person does not meet criteria for dementia. Based on whether biomarkers have been tested and whether results are informative, this workgroup's proposed system also yields research diagnostic categories that indicate the likelihood of underlying AD (i.e., MCI-Core Clinical Criteria; MCI due to AD-Intermediate Likelihood; MCI due to AD-High Likelihood; MCI-Unlikely due to AD).
Although the cognitive impairments associated with MCI do not preclude independent functioning, research suggests that individuals with MCI nevertheless experience changes in their psychological and daily functioning as well as quality of life (QOL) (Albert et al. 2011; Gold 2012; Winblad et al. 2004; Teng et al. 2012) . A recent review article noted that neuropsychiatric symptoms are very common in individuals with MCI, with prevalence rates of at least one neuropsychiatric symptom ranging from 35 to 85 % (Monastero et al. 2009 ). The most common neuropsychiatric issues associated with MCI include depression, anxiety, irritability, agitation, apathy, euphoria, disinhibition, delusions, hallucinations, and sleep disorders (Apostolova and Cummings 2008; Bomboi et al. 2010; Ellison et al. 2008; Monastero et al. 2009 ). Areas of daily functioning most frequently impacted by MCI include appointment scheduling/attendance, transportation issues, and financial management (Gold 2012) . Individuals with multidomain MCI tend to demonstrate greater functional limitations than those with single domain MCI (Gold 2012) . Individuals with MCI additionally report a reduced QOL relative to older adults without cognitive impairment, and this reduced QOL is associated with increased neuropsychiatric symptoms and reduced daily functioning (but not with objective cognitive performance) in older adults with MCI (Teng et al. 2012) . The hypothesis that MCI is a transitional stage between normal aging and dementia implies that individuals with MCI are at risk for significant functional impairment and an eventual inability to live independently which would further decrease their QOL (Petersen et al. 2009 ).
MCI likely stems from multiple etiologies. In addition to neurodegenerative conditions like AD, Dementia with Lewy Bodies, and Parkinson's disease, other possible etiologies for MCI include cardiovascular, metabolic, endocrine, traumatic, and psychiatric origins (Etgen et al. 2011; Mariani et al. 2007; Winblad et al. 2004) . Likewise, numerous demographic, genetic, disease, and lifestyle factors have been associated with increased or decreased risk for diagnosis with MCI. Although a thorough discussion of each of these risk and protective factors is beyond the scope of this paper, a non-exhaustive list has been provided in Table 1 . Notably, the risk and protective factors associated with MCI are similar to those associated with conversion to dementia (Gomar et al. 2011; Li et al. 2011a, b; Ravaglia et al. 2008; Schmand et al. 2012; Yu et al. 2012) . The modifiable risk and protective factors that are associated with lifestyle habits are of particular interest to clinicians working with individuals with MCI since they can serve as the focus of preventative interventions and rehabilitation efforts. For example, some cognitive rehabilitation therapies (CRTs) for MCI involve lifestyle interventions, which for the purposes of this review, are defined as behavioral interventions designed to decrease the frequency of negative lifestyle behaviors (i.e., smoking, heavy alcohol consumption) and/or increase the frequency of positive lifestyle behaviors (i.e., Mediterranean diet, physical activity, cognitivelystimulating activities) known to impact risk of MCI.
Both pharmacological and non-pharmacological interventions have been recommended for the treatment of MCI. Although a number of pharmacological strategies have been evaluated (e.g., acetylcholinesterase inhibitors such as donepezil, rivastigmine, and galantamine, Vitamin E, rofecoxib, piracetam, memantine) or are under current investigation, these are reviewed elsewhere (Jelic et al. 2006; Karakaya et al. 2013; Popp and Arlt 2011) and are beyond the scope of the present paper. Instead, the current paper evaluates the efficacy of non-pharmacological interventions for MCI, specifically CRTs, by reviewing randomized controlled trials of such interventions (see Tables 2 and 3) . Although terminology varies across settings and publications, for the purposes of this review, CRT is defined as any systematic behavioral therapy specifically designed to improve cognitive performance, help individuals to compensate for impaired cognitive performance, or enable individuals to adapt to impaired cognitive performance. As described in the next section, CRTs include lifestyle interventions, psychotherapy, and/or traditional cognitive training approaches as long as they are specifically implemented as a treatment to address cognitive impairments.
Theoretical Rehabilitation Model of MCI: Course, Risk and Protective Factors, and Treatment Targets A theoretical rehabilitation model of MCI can provide a conceptual framework to inform development of CRTs for MCI as well as to guide selection of appropriate outcome measures for clinical trials that evaluate the impact of these interventions. Here we offer a provisional theoretical rehabilitation model based on the available literature that was 
Demographic risk factors
Older age (Luck et al. 2010a, b; Unverzagt et al. 2011) Low education (Lopez et al. 2003; Unverzagt et al. 2011) African American (Lee et al. 2012; Lopez et al. 2003 ) Genetic risk factors Family history, the presence of apolipoprotein E ε4 allele (APOE) (Lopez et al. 2003; Luck et al. 2010a, b; Sachdev et al. 2012 ) Disease risk factors Cardiovascular disease, high cholesterol, high blood pressure (Barnes et al. 2006; Beydoun et al. 2011; Goldstein et al. 2013; Hai et al. 2012; Luck et al. 2010a, b; Sachdev et al. 2012 ) Metabolic and endocrine diseases, diabetes mellitus, thyroid dysfunction (Cheng et al. 2012; Ceresini et al. 2009; Kalmijn et al. 2000 ) Chronic renal failure (Buchman et al. 2009; Etgen et al. 2009; Khatri et al. 2009; Kurella et al. 2005 ) Psychiatric disorder, depression, psychosis (Barnes et al. 2006; Steenland et al. 2012; Monastero et al. 2007 ) Sleep disorder (Boot et al. 2012) Polypharmacy ) Vitamin B12 deficiency (Clarke et al. 2007; Hin et al. 2006) Negative lifestyle factors-risk factors
Smoking (Arntzen et al. 2011) Heavy alcohol consumption (Anttila et al. 2004; Bickel 2006 ) Positive lifestyle factors-protective factors Mediterranean diet (Gardener et al. 2012; Scarmeas et al. 2009 ) Physical activity (Jak 2012; Sofi et al. 2011) Cognitively-stimulating activity (Jak 2012; Verghese et al. 2006; Wilson et al. 2002 Wilson et al. , 2007 Wilson et al. , 2012 
Comprehensive interventions-multi-modal
Note that some studies included treated and untreated groups with dementia in addition to the MCI groups; only information on the MCI groups are included in this Comprehensive interventions-single domain, memory Rapp et al. 2002 MCI (Petersen et al. 1999 No treatment (n=10) Note that some studies included treated and untreated groups with dementia in addition to the MCI groups; only information on the MCI groups are included in this Table 1 . In some individuals, the cumulative and interactive impact of these factors on the brain results in the behavioral manifestation known as MCI which, as depicted in Fig. 1 , is characterized by three types of symptoms : (a) mild cognitive compromise (measured by objective neuropsychological tests), (b) mild functional compromise not yet precluding independent living (evaluated by measures of daily functioning and QOL), and (c) commonly associated neuropsychiatric symptoms such as depression, anxiety, fatigue, and sleep difficulties (measured by neuropsychiatric symptom severity scales). This theoretical rehabilitation model yields a number of plausible intervention targets for individuals with MCI, which are highlighted in Fig. 1 and include the symptoms of MCI (i.e., cognitive compromise, functional compromise, and neuropsychiatric symptoms) as well as modifiable risk and protective factors, particularly the lifestyle factors known to be associated with risk of MCI. Although CRTs are heterogeneous in terms of content and methods, integration of the literature with our model indicates that they can be designed to include any combination of four broad approaches, each directly or indirectly targeting different aspects of the model. Regardless of the combination of approaches used, all CRTs aim to reduce the symptoms of MCI (i.e., symptom Table 1 , contribute toward increased or decreased risk, respectively. In some individuals, the cumulative and interactive impact of these factors on the brain results in the behavioral manifestation known as MCI which is characterized by three types of symptoms: (a) mild cognitive compromise (measured by objective neuropsychological tests), (b) mild functional compromise not yet precluding independent living (evaluated by measures of daily functioning and quality of life), and (c) commonly associated neuropsychiatric symptoms such as depression, anxiety, fatigue, and sleep difficulties (measured by neuropsychiatric symptom severity scales). Based on this model, the figure identifies the key intervention targets that CRTs for MCI are likely to address. Specifically, CRTs can target the symptoms of MCI (i.e., cognitive compromise, functional compromise, or associated neuropsychiatric symptoms). Or, they may target modifiable risk and protective factors, particularly the lifestyle factors that are highlighted in the figure because they are known to increase (depicted as arrows with plus signs) or decrease (depicted as arrows with negative signs) risk for MCI and dementia. In a clinical trial, appropriate intervention outcomes would include reducing MCI symptoms (i.e., symptom management), reducing the conversion rate from MCI to dementia (i.e., preventing dementia), or increasing the conversion rate from MCI to normal cognition (i.e., curing MCI) management), delay or prevent progression to dementia (i.e., prevention of dementia), or increase the rate of conversion to normal cognition (i.e., curing MCI): 1) Restorative cognitive training most directly targets cognitive compromise (a). It aims to enhance or restore cognitive abilities, potentially through neuroplastic mechanisms. A common restorative approach utilizes structured and repeated practice of specific cognitive tasks and mental exercises that may or may not be computerized as a means of improving abilities in specific cognitive domains. 2) Compensatory cognitive training most directly targets functional compromise (b). It teaches individuals skills and strategies to compensate for cognitive impairments so that the impact of these deficits on daily function and QOL can be reduced. Compensatory strategies can include internal strategies (e.g., using visual imagery, chunking or acronyms to compensate for memory difficulties, using structured problem-solving and planning methods to compensate for executive dysfunction), external strategies (e.g., using day planners, timers, and navigation devices), or environmental strategies (e.g., setting up a quiet work space devoid of visually distracting stimuli). 3) Lifestyle interventions most directly target modifiable risk and protective factors, namely the positive and negative lifestyle factors highlighted in Fig. 1 , that are associated with MCI or dementia. Lifestyle interventions educate individuals about the cognitive benefits of healthy lifestyle practices and the negative consequences of unhealthy lifestyle practices and encourage individuals to make changes to their life to improve the balance of these risk and protective factors. Lifestyle strategies can include regular physical exercise, healthy nutrition (i.e., Mediterranean diet), frequent participation in cognitively-stimulating activities, and reduction of other modifiable risk factors such as smoking and heavy alcohol consumption. Lifestyle approaches either directly engage individuals in healthy lifestyle practices (e.g., through an exercise, diet, or leisure time program) or they aim to change lifestyle practices and behaviors through education, encouragement, and other behavioral strategies (e.g., motivational interviewing) with the goal of improving MCI outcomes. Lifestyle interventions do not include interventions that are restricted to basic MCI psychoeducation (e.g., definitions of MCI, prognosis, etiology) or administration of specific dietary supplements (e.g., Vitamin B, folic acid, omega-3 fatty acids) or medications. 4) Psychotherapeutic interventions most directly target neuropsychiatric symptoms (c) that are common among individuals with MCI (e.g., depression, anxiety, fatigue, poor sleep). Unlike lifestyle interventions, this approach incorporates more traditional psychotherapy techniques to address accompanying neuropsychiatric symptoms and thus can include relaxation exercises, mindfulness techniques, skills to manage stress, fatigue, and poor sleep, and cognitive behavioral techniques such as cognitive restructuring to address negative thoughts and feelings related to MCI.
MODIFIABLE PROTECTIVE FACTORS

Positive Lifestyle Factors
It should be noted that comprehensive treatment for MCI is likely to include services other than CRTs. Indeed, based on this rehabilitation model, other risk factors not highlighted in Fig. 1 , such as many of the disease factors listed in Table 1 , are likely best addressed through referral to other specialty providers for medications and/or other interventions besides CRT (e.g., diabetes, renal failure, polypharmacy). Some risk factors like cardiovascular disease or sleep disorders could benefit from both medical and behavioral interventions, and some risk factors may be addressed through both elements of CRT as well as other specialty providers (e.g., depression, smoking).
Lastly, it is worth acknowledging that there can be some overlap between the four CRT approaches described above. For example, restorative cognitive training contrasts with compensatory cognitive training by focusing on extensive repetition of carefully designed cognitive tasks (usually specific to an individual's deficits, such as N-back tasks to enhance attention) as a way of strengthening neural circuits and improving performance on similar tasks through generalization. Compensatory cognitive training instead focuses on teaching a range of compensatory strategies (i.e., internal, external, and environmental) that an individual then practices throughout their daily life (e.g., using a planning worksheet to facilitate completion of important home and work projects). An individual may nevertheless employ certain compensatory skills while engaging in restorative exercises (e.g., chunking information). Moreover, while compensatory cognitive training focuses on application of strategies to improve daily functioning, use of these skills may also improve an individual's objective cognitive performance on certain tests (e.g., categorizing during list learning tests). Similarly, although a lifestyle intervention aims to increase or decrease the frequency of a lifestyle behavior associated MCI risk (i.e., exercise, cognitively-stimulating activities, heavy alcohol consumption), certain psychotherapeutic strategies could be employed to achieve this aim (e.g., motivational interviewing). Likewise, although psychotherapeutic interventions use more traditional psychotherapeutic techniques to target neuropsychiatric symptoms associated with MCI (e.g., mindfulness to address depression and anxiety), lifestyle interventions can also reduce neuropsychiatric symptoms (e.g., exercise). Despite this overlap, the distinctions are offered as part of the proposed provisional rehabilitation model to aid in the development, evaluation, and comparisons of future CRTs. While some providers clearly identify with and employ only one approach, others integrate several. Thus, these distinctions may help the field ultimately determine which elements most effectively treat which aspects of MCI.
Objectives
The primary objective of this review is to evaluate the evidence for the efficacy of CRTs for older adults with MCI. As with other forms of rehabilitation (e.g., physical, occupational), CRTs aim to enhance an individual's daily functioning and QOL, rather than to treat disease per se. Thus, our review will evaluate the efficacy of CRTs for older adults with MCI in terms of their short-term (<1 month following the intervention) and long-term (≥1 month following the intervention) impact on objective cognitive performance, with a focus on attention/information processing, memory, executive function, and global cognition. Additionally, we will evaluate efficacy in terms of CRTs impact on subjective cognitive complaints, daily functioning/everyday functioning, QOL, neuropsychiatric symptom severity, and other related constructs. Lastly, we will evaluate whether CRTs reduce conversion rates to dementia.
Based on our theoretical model and in an attempt to elucidate which approaches are most effective, we will distinguish between interventions that are Focused on one approach (i.e., restorative cognitive training, compensatory cognitive training, lifestyle interventions, psychotherapeutic interventions) versus Comprehensive interventions that entail multiple approaches. Because interventions that entail either restorative or compensatory cognitive training approaches can target one or more cognitive domains, we will also distinguish between Single Domain and Multi-Modal CRTs.
Methods
A systematic review of peer-reviewed journal articles was conducted on 10/25/12 using Pub Med. The following search terms were applied to all fields: (mild cognitive disorder OR MCI OR mild cognitive decline) AND (cognitive rehabilitation OR cognitive intervention OR cognitive training OR cognitive stimulation OR attention rehabilitation OR attention training OR information process training OR memory rehabilitation OR memory intervention OR memory training). Filters included publication dates between 1/1/1990 and 10/25/12, clinical trial, and published in English.
Articles included in the final review met the following criteria: 1) The study primarily evaluated the effects of a CRT intervention for MCI. 2) The study was a randomized controlled trial that quantitatively assessed outcomes at both pre-and post-intervention. 3) The study included at least one intervention group meeting criteria for MCI, and at least one demographically similar group of non-treated adults meeting criteria for MCI, AND the study employed adequate statistical analyses to compare change from pre-to post intervention across groups (e.g., repeated measures ANOVA, mixed effects model, slope analysis). If the study did not employ a repeated measures between group analysis or slope analysis, at a minimum the study compared change across time within each group, and then also compared results across groups at both pre-and post-intervention. 4) If individuals with dementia were included in the study, the results from individuals with MCI were reported separately from those with dementia. 5) Samples included community dwelling adults. 6) Sample sizes were ≥5/group. 7) The study included pre-and post-intervention outcome measures that evaluated objective cognitive performance using neuropsychological tests AND/OR self-report outcome measures that assessed subjective cognitive complaints, daily functioning/ everyday functioning, QOL, neuropsychiatric symptom severity, or another related construct. We excluded studies which primarily focused on neuroimaging results.
Results: Efficacy of CRTs for MCI
293 articles were initially identified through PubMed using the search terms described. After scanning titles and abstracts from these 293 articles, 34 articles were identified as potentially meeting our review criteria. The other 259 articles were rejected because it was clear from the abstracts that they did not meet one or several of the seven review criteria outlined in the "Methods". The most common exclusions were that the study did not include a CRT intervention (e.g., the study was a medication trial) or that it did not include a group with MCI (e.g., the groups included only healthy older adults or adults with dementia). The complete manuscripts of the 34 remaining articles were then reviewed, and 20 additional articles were rejected because they did not meet all seven criteria outlined in the "Methods". The most common exclusion at this stage was that the study was not a randomized controlled trial. In the end, 14 articles were found eligible for final review based on all seven criteria described in our "Methods".
A summary of key findings and design characteristics/ outcomes from the studies that were selected for final review can be found in Tables 2 and 3 , respectively. Results are also described by intervention type below. Only results from studies with p≤0.050 were deemed significant and are described as such in the tables and text. In terms of focused interventions (i.e., using only one approach), we identified seven lifestyle interventions, and one compensatory cognitive training intervention (single-domain, focused on memory). In terms of comprehensive interventions that utilized multiple approaches, we identified two single-domain interventions focused on memory, and three multi-modal interventions focused on multiple domains.
Focused Lifestyle Interventions
Over the past decade there has been a substantial increase in the scientific literature examining lifestyle interventions as a means to stave off negative cognitive aging outcomes. The bulk of the evidence suggests that exercise and cognitively stimulating activities are effective behavioral interventions for improving cognition and lowering risk of dementia (Jak 2012) .
However, to date, most evidence has come from epidemiological and cross sectional studies (Sofi et al. 2011; Verghese et al. 2006; Wilson et al. 2002 Wilson et al. , 2007 Wilson et al. , 2012 ; randomized trials have been less common. Furthermore, most existing studies have targeted normally aging populations while fewer have evaluated the ability of these strategies to positively impact outcomes in those who already have MCI.
Our search produced seven randomized controlled trials investigating lifestyle interventions in individuals with MCI. Rather than relying on lifestyle education and encouragement, all of these studies directly engaged participants in a program of cognitively stimulating activity (Kwoz et al. 2011) , physical activity (Baker et al. 2010; Lam et al. 2011; Nagamatsu et al. 2012; Scherder et al. 2005; van Uffelen et al. 2008 ), or diet (Bayer-Carter et al. 2011 . As a whole, these studies demonstrated that lifestyle interventions can significantly improve objective cognitive performance in those with MCI. Specifically, significant (p ≤ 0.050) improvements in executive functioning were noted following aerobic exercise interventions of at least 30 min per day, at least 3 days per week for a minimum of 6 weeks (Scherder et al. 2005) . Aerobic activity for at least 45 min per day, 4 to 5 days per week for at least 12 weeks produced significant improvements in more than one cognitive domain (Baker et al. 2010; van Uffelen et al. 2008 ). Nonaerobic activity, namely resistance training and tai chi, was significantly associated with improvements in executive functioning and memory (Nagamatsu et al. 2012 ) and attention (Lam et al. 2011) in individuals with MCI. Following a lower fat and glycemic index diet for 4 weeks resulted in significant increases in visual memory (Bayer-Carter et al. 2011) . Practicing a single cognitively stimulating activity, namely calligraphy with a trained instructor, 30 min daily, 5 days a week for 8 weeks led to significant increases in global cognition as compared to a no-intervention control (Kwoz et al. 2011) .
These studies in aggregate had several significant limitations. Only one of the seven studies included extended follow-up and did not identify sustained benefits of lifestyle interventions (Scherder et al. 2005) . Only one study evaluated the risk of progression to AD and did not find a significant effect (Lam et al. 2011) . Other weaknesses of this literature included questionable diagnosis of MCI, relying strongly or exclusively on cognitive screening measures (e.g., Kwoz et al. 2011; Nagamatsu et al. 2012) , poor compliance with the prescribed intervention (e.g., Nagamatsu et al. 2012; van Uffelen et al. 2008) , and too much of the intervention period working toward criterion and therefore fewer weeks exercising at the prescribed intensity level. The neuropsychological measures examined in the lifestyle intervention trials were largely time-based with no adjustment for processing speed; it is therefore difficult to tease apart whether gains on executive functioning measures were simply increased speed or actual improvements in higher level thinking. The use of no-intervention control groups (e.g., Kwoz et al. 2011 ) was a significant methodological weakness of several of the studies and limited confidence that any cognitive gains were due to the specific lifestyle intervention (e.g., physical exercise) rather than added social contact or a general increase in daily activity. Finally, objective cognitive performance was the predominant outcome measure in this literature. There was little examination of daily functioning, QOL, or neuropsychiatric symptom changes following lifestyle interventions.
Focused Restorative Cognitive Training Intervention-Single Domain, Attention/Information Processing Only one trial (Barnes et al. 2009 ) focused on improving attention through restorative cognitive training, with the notion that improvements in auditory attention and discrimination would yield downstream effects on other cognitive domains, such as memory. Using an intensive computerized cognitive training intervention (100 min/day, 5 days/week for 6 weeks), compared to a robust computer activities control group, the authors found that the experimental group significantly improved on a spatial span task, but not on any other cognitive tests from a comprehensive battery. It is unclear from their design if significant treatment effects would have been found relative to a no intervention or a less cognitively stimulating control group. This study did not examine long-term outcomes or impact on conversion rates from MCI to cognitive normalization or dementia.
Focused Compensatory Cognitive Training Intervention-Single Domain, Memory
One study focused on improving memory through compensatory cognitive training (Greenaway et al. 2012) . Greenaway et al. (2012) emphasized training in calendars and notebooks 2 h/week for 6 weeks, including setting appointments, adding "to do" items, and journaling. Compared to controls, the experimental group significantly improved in their daily functioning and memory self-efficacy, and the improvements in daily functioning (but not memory self-efficacy) were sustained 6 months post-intervention. Treatment-associated changes on measures of objective global cognition, QOL, or neuropsychiatric symptom severity did not reach significance, perhaps because these were not the targets of treatment. This study did not examine impact on conversion rates to cognitive normalization or dementia.
Comprehensive Interventions-Single Domain, Memory
The two comprehensive interventions that targeted memory as a single domain (Rapp et al. 2002; Troyer et al. 2008) both provided training in compensatory memory skills, and both employed no-contact control groups. Rapp and colleagues' (2002) intervention entailed six 2-h sessions spaced across 6 weeks and included training in compensatory memory skills along with psychoeducation and relaxation (breathing) training. Compared to controls, experimental subjects showed no significant improvement on objective memory test performance, but they did endorse significantly better memory abilities at post-test and 6-month follow-up, as well as significantly increased control over memory at post-test and significantly greater use of mnemonic strategies at follow-up. Troyer and colleagues' (2008) intervention entailed ten 120-min sessions spaced across 6 months, 1 h devoted primarily to compensatory memory training, and the other hour devoted to intensive lifestyle education as well as psychotherapeutic techniques. Although aspects of the intervention were commendable (e.g., inclusion of specialists such as dieticians in the lifestyle component, connecting participants with community resources to increase their activity level, spacing the sessions over many months to potentially extend the benefits of the intervention), most results were non-significant. Compared to the control group, the experimental group reported significantly increased knowledge and use of compensatory memory strategies as well as a significantly stronger belief in the importance of lifestyle factors, which were sustained 3 months postintervention; however, the experimental group did not evidence significant improvement on measures of objective memory performance, subjective memory complaints, or daily functioning. Because the outcome measures were created by the authors and the psychometric properties of the objective memory measures have not been previously reported, the non-significant results are difficult to interpret (i.e., was the intervention ineffective or were the measures inadequate?). Neither study examined conversion rates to cognitive normalization or dementia.
Comprehensive Interventions-Multi-Modal
Three eligible studies were identified (Kinsella et al. 2009; Buschert et al. 2011; Tsolaki et al. 2011) . Two studies included restorative training (Buschert et al. 2011; Tsolaki et al. 2011) , two compensatory training (Kinsella et al. 2009; Buschert et al. 2011) , two lifestyle approaches (Kinsella et al. 2009; Buschert et al. 2011) , and two psychotherapeutic techniques (Kinsella et al. 2009; Tsolaki et al. 2011) . Kinsella and colleagues' (2009) intervention entailed five 90-min sessions spaced across 5 weeks. Like Troyer and colleagues' (2008) intervention, sessions primarily focused on compensatory memory training and included lifestyle education as well as psychotherapeutic techniques; the intervention also included some training in organization and attention skills to improve learning and memory. Using the same measures as used in the Troyer et al. (2008) study, this intervention was similarly associated with significantly increased knowledge and use of compensatory memory strategies but not with significant improvements in subjective memory complaints, calling into question the sensitivity of this latter measure. Compared with the control group, the experimental group evidenced significant improvements on two objective measures of prospective memory [different from the memory measures used in the Troyer et al. (2008) study] that were sustained 3 months post-intervention.
Buschert and colleagues' (2011) intervention entailed twenty 120-min sessions spaced over 6 months and employed restorative and compensatory cognitive training in attention, memory and executive function as well as intensive lifestyle interventions that increased participants' cognitive and physical activity levels through inclusion of reminiscence, psychomotor, recreational, creative, and social activities in class. Relative to the non-treated control group, this intensive intervention was associated with only modest to questionable improvements on well-validated measures of objective cognitive performance, though these results are difficult to interpret because of insufficient statistical power (n=12/group). Specifically, relative to the control group, the experimental group evidenced improvements on measures of memory (i.e., RBANS story recall) and attention/executive function (i.e., TMT B) that appeared promising but only trended near significance (p<0.100). Moreover, relative to the experimental group, the control group evidenced significant decline on one measure of global cognition (ADAS-cog), but this pattern only trended toward significance on another measure of global cognition (i.e., MMSE). Although the intervention was not associated with improvements on a QOL measure designed for individuals with AD, it is conceivable that this measure was not sensitive to the issues that individuals with MCI (rather than dementia) encounter. Interestingly, this was the only comprehensive intervention to include a measure of neuropsychiatric symptom severity (i.e., MADRS); the intervention was associated with significant improvements on this measure, suggesting that comprehensive CRTs may effectively target MCI-associated neuropsychiatric symptoms. This study did not evaluate long-term outcomes.
Tsolaki and colleagues' (2011) intervention entailed sixty 60-min sessions spaced across 6 months, focused on restorative cognitive training in attention, memory, and executive function, and also included psychotherapeutic techniques. Whereas previously described multi-modal studies had sample sizes <25/group, this study was notable for its large sample size (treatment group, n=104; control group, n=72). Significant improvements from pre-to post-intervention were observed in the experimental group on objective measures of global cognition, attention, memory, executive function, visuomotor construction, language and daily functioning, whereas the only significant change noted in the control group was a decline in daily functioning. Groups did not differ on any measures pre-intervention, and between group comparisons post-intervention reached significance on one measure of daily functioning and on some but not all objective measures of cognition. However, interpretation of results was limited by a failure to include a repeated measures between group analysis of change over time (e.g., repeated measures ANOVA, mixed effects model, slope analysis). This study did not evaluate long-term outcomes.
Discussion: Summary and Future Directions
Overall, the results of randomized controlled trials evaluating the efficacy of CRTs for MCI can be categorized as encouraging but inconclusive. Perhaps because research on interventions for MCI is only in a very early stage, common design limitations (e.g., small sample size, inclusion of measures without established psychometric properties, less than optimal statistical analyses, failure to include long-term outcomes) hamper interpretation of study findings, particularly nonsignificant results. Although larger, well-designed randomized controlled trials are required before CRTs for MCI can be considered evidence-based, relevant trends from existing randomized controlled trials are discussed below.
Importantly, the three studies that included measures of compensatory strategy use and knowledge (Troyer et al. 2008; Kinsella et al. 2009; Rapp et al. 2002) and the one study that included a measure of the degree to which individuals rate lifestyle strategies as important (Troyer et al. 2008) found that interventions were associated with significant improvements on these measures. Consistent with research showing that individuals with MCI show learning potential and cognitive plasticity (Akhtar et al. 2006; Schreiber and Schneider 2007) , these findings indicate that CRTs can effectively change targeted behaviors, knowledge, and beliefs in older adults with MCI, that adults with MCI are teachable, and that additional CRT trials are warranted with this population.
In terms of effects on objective cognitive performance, all of the seven focused lifestyle interventions and the three comprehensive multi-modal interventions were associated with significant improvements in at least one cognitive domain, suggesting that these approaches are perhaps the most promising (yet difficult to implement). The one single domain intervention that used restorative training to focus on attention found significant improvements in attention. None of the three single domain interventions that focused on memory found significant improvements in any cognitive domain, including memory. However, these latter three studies included only very brief neuropsychological batteries assessing either memory or global cognition. In contrast, most of the other studies employed comprehensive batteries and found one or more effects. Thus, the bulk of the evidence indicates that CRTs for MCI are associated with some improvements in objective cognitive performance, but the pattern of effects on specific cognitive domains is inconsistent across studies.
Other important outcomes were only infrequently assessed across studies and require further investigation. Three of the four studies that included measures of subjective cognitive complaints did not find significant treatment-associated improvements, and results on subjective cognitive complaint measures did not correspond with results on objective cognitive performance measures (i.e., one study found subjective improvement but not objective improvement, two found objective improvement but not subjective improvement, and one found neither objective nor subjective improvement). Although patients' subjective cognitive complaints are important to understand and warrant further investigation in future trials, the present results suggest that general measures of subjective cognitive complaints may not prove optimal or sensitive to change (e.g., "To what extent would you rate your memory as poor?"). In contrast, two of the three studies that included measures of daily functioning found significant treatmentassociated improvements on these measures. This suggests that that individuals with MCI may be better able to perceive changes in their ability to perform daily tasks related to cognition than to assess general cognitive ability per se, and that these more specific self-report measures may be more appropriate for clinical trials (e.g., "How often do memory problems interfere with your ability to follow through with important responsibilities, tasks, or roles in your family life?"). The only study that included a collateral measure of daily functioning (Greenaway et al. 2012 ) found a significant treatmentassociated effect on this measure, raising the possibility that collateral measures of daily functioning might prove more sensitive and reliable than self-report measures. Only two studies examined QOL and neither found significant treatment-associated effects on these measures. Because both of these studies employed QOL measures designed for individuals with AD, it is possible these measures were not sensitive to MCI specific concerns. Of the studies that examined neuropsychiatric symptom severity, two did not find significant treatment-associated effects on these measures, one did, and one did not employ adequate analyses to determine effects. However, since none of the studies that incorporated psychotherapeutic techniques as part of their intervention assessed neuropsychiatric symptom severity, it is unclear whether inclusion of such an approach would more effectively target this outcome. Only two studies examined long-term outcomes, one finding sustained effects, the other not. Only one study evaluated conversion rates to dementia and found non-significant treatment effects.
The studies that were reviewed varied markedly in terms of their intervention design and selected outcome variables, with no clear pattern regarding which intervention approaches were more or less effective. One of the obstacles contributing to the variation in approaches to this research has likely been the lack of a theoretical rehabilitation model of MCI to guide the development of these interventions and the selection of appropriate outcome measures. We have thus proposed a theoretical rehabilitation model (see "Introduction" and Fig. 1 ) based on the literature that yields four key treatment targets-cognitive compromise, functional compromise, associated neuropsychiatric symptoms, and modifiable risk and protective factors. Based on this model, well-designed clinical trials would, therefore, include outcome measures that assess objective cognitive performance, daily functioning, and neuropsychiatric symptom severity. It will also be important for future studies to ultimately evaluate whether interventions are associated with a reduced conversion rate to dementia or an increased conversion rate to normal cognition, as it remains to be seen whether CRTs have more potential as an intervention to maintain cognitive status (i.e., prevention of dementia) versus an intervention to reverse cognitive decline (i.e., treatment of MCI). Similar to research on other chronic or progressive diseases, it will be difficult and expensive to adequately power such analyses given a mean annual conversion rate from MCI to dementia of 10.2 % (Bruscoli and Lovestone 2004 ) and the need to follow patients many years, even decades, to establish whether conversion occurs. Because reduced daily functioning and increased neuropsychiatric symptoms have been associated with reduced QOL in adults with MCI (Teng et al. 2012) , trials should also include QOL measures, as has been previously recommended (Scholzel-Dorenbos et al. 2007) . Given the potentially progressive nature of MCI, concerns have been raised that cognitive impairment might eventually impact an individual's ability to complete or fully comprehend self-report questionnaires while lack of insight might lead to an inaccurate representation of an individual's experience (Frank et al. 2011) . Thus, clinical trials should include a combination of objective measures, collateral report measures, and self-report measures. They should evaluate both short-term as well as longterm treatment outcomes (e.g., 3 to 6 months post intervention), including an evaluation of whether individuals continue to implement or adhere to a treatment once the intervention has been discontinued (e.g., use of compensatory strategies, use of lifestyle strategies). They should also examine whether, relative to untreated control groups, interventions are associated with improvements on outcome measures or less decline on outcome measures.
Our provisional theoretical rehabilitation model (see "Introduction" and Fig. 1 ) also defines specific cognitive rehabilitation approaches that may directly or indirectly target key outcomes-restorative cognitive training, compensatory cognitive training, lifestyle interventions, and psychotherapeutic techniques. If well-designed studies are first able to definitively establish the overall efficacy of CRTs for MCI, more detailed studies can later be conducted to evaluate which approaches are associated with the largest effects on which outcomes (even though they may impact several outcomes), and which specific mechanisms operate to produce these improvements. For example, one could hypothesize that in a restorative cognitive training intervention, neuroimaging changes [e.g., increased cortical activation during functional magnetic resonance imaging (fMRI) tasks, increased white matter integrity on diffusion tensor imaging (DTI)] would mediate improvements in objective cognitive performance, and, in a compensatory cognitive training intervention, increased use of compensatory strategies would mediate improvements in daily functioning. Moreover, use of psychotherapeutic techniques in one's daily life (e.g., relaxation exercises, sleep hygiene principles, cognitive restructuring) could be hypothesized to mediate improvements in neuropsychiatric symptom severity, and increased use of lifestyle strategies (e.g., increased physical activity or cognitively stimulating activity levels, healthier diet, reduced use of tobacco and alcohol) could be hypothesized to mediate cognitive improvements. Future studies could also evaluate the extent to which other intervention characteristics (e.g., number, length and frequency of sessions; lifestyle education versus in-class activities that increase cognitive and physical activity levels; educating about the benefits of external aids versus providing participants with these aids) and patient characteristics (e.g., demographics; premorbid IQ/cognitive reserve; baseline cognitive performance, daily functioning, and neuropsychiatric symptom severity; current and lifetime health and psychiatric status, engagement in cognitively stimulating activities, physical activity level, diet, tobacco and alcohol use) moderate outcomes.
In summary, our review of the literature on CRTs for MCI revealed the need for evidence-based treatments for MCI and the lack of a theoretical model to guide both the development and evaluation of such interventions. Data from existing studies are promising but inconclusive and indicate that additional trials are warranted if they are adequately powered and well-designed. Lastly, the development of standardized "manualized" cognitive rehabilitation interventions are recommended as they would facilitate replication studies, as well as the establishment and dissemination of evidence-based CRTs for MCI.
